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Supplemental Material, Table S1: List of compounds analyzed in blood samples. 

Analyzed compounds Abbreviation or IUPAC No. 

Polychlorinated biphenyls (PCBs) 

Hexachlorocyclohexanes (HCHs) 
Hexachlorobenzene 
Chlordanes (CHLs) 
Mirex 
DDT and metabolites (DDTs) 

Toxaphenes 

Congeners 18, 28, 33, 47/49, 52, 99, 101, 105, 118, 123, 128, 138/163, 
141, 149, 153, 156, 157, 167, 170, 180, 183, 187, 189, 194 
α-HCH, β-HCH, γ-HCH 
HCB 
trans- and cis-Chlordane, oxy-Chlordane, trans- and cis-Nonachlor 

1,1,1-trichloro-2,2-bis(p-chlorophenyl)ethane (p,p'-DDT) 
1,1,1-trichloro-2-(o-chlorophenyl)-2-(p-chlorophenyl)ethane (o,p'-DDT) 
1,1-dichloro-2,2-bis(p-chlorophenyl)ethene (p,p'-DDE) 
1,1-dichloro-2-(o-chlorophenyl)-2-(p-chlorophenyl)ethene (o,p'-DDE) 
1,1-dichloro-2,2-bis(p-chlorophenyl)ethane (p,p'-DDD) 
1,1-dichloro-2-(o-chlorophenyl)-2-(p-chlorophenyl)ethane (o,p'-DDD) 
Parlar 26 (B8–1413) and 50 (B9–1679) 
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Supplemental Material, Information on dietary input parameters used in 

CoZMoMAN. 

The original description of dietary habits is based on the food consumption of the Swedish 

population (Czub and McLachlan 2004). Specifically, scenarios for the ingestion of fish, beef 

and dairy products were developed as a function of time from 1930 onwards. However, dietary 

habits of the current study population (i.e., men in Northern Norway) are likely to differ from the 

Swedish population with respect to fish consumption in particular. While historical dietary 

information from study subjects were insufficient, information on fish consumption in the 

Norwegian population is only available for the years after 1995 (Norwegian Directorate of 

Health 2010). While the general Swedish population eats fish 1.7 times/week, the general 

Norwegian population does so 2.3 times/week (Bergsten 2004). Most detailed information on 

fish consumption in the Norwegian population was available for 2000, and the dietary input to 

CoZMoMAN reflected this information by adjusting the original time-variant dietary 

parameterization to the numeric information for year 2000 (see Table S2: average fish 

consumption scenario for Norway (FCavr)). 

An even higher rate of fish consumption was expected for the study population, compared to the 

general Norwegian population. High age, male sex and living in Northern Norway are all factors 

associated with high fish consumption (Alexander et al. 2006; Bergsten 2004; Johansson and 

Solvoll 1999). Simulations were therefore carried out based on four different scenarios for fish 

intake, representing the average Norwegian fish intake (as detailed above), as well as for three 

additional scenarios representing increased consumption of fish (FC1-FC3, see Table S2). 
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The highest fish consumption category (FC3) data were obtained by adjusting the fish 

consumption to a 95% percentile of total daily fish intake in 2000 (Bergsten 2004) (see Table 

S2), with a corresponding reduction in the intake of meat. Two additional categories between the 

average Norwegian fish intake and the highest were calculated (see Table S2). Furthermore, the 

proportion of fish intake comprised of lean fish is high in the Norwegian population (2/3 of all 

fish consumption) (Alexander et al. 2006) and the herring/cod ratio used as a fat fish/lean fish 

indication in the model was consequently changed from 0.75/0.25 in the Swedish dietary 

parameters to 0.35/0.65 for the study population. Meat consumption was adjusted corresponding 

to changes in fish consumption in all categories. Consumption of dairy products in the study 

population as a function of time was assumed to be similar to that of the Swedish population. 

In model simulations presented in Figure 4 and Supplemental Material, Figure S3, the fish 

consumption categories for the birth cohorts 1930, 1935, 1940 and 1945 were assumed to be F3, 

F2, F1 and Favr, respectively. 

Supplemental Material, Table S2: Fish consumption categories used in CoZMoMAN. 

Fish 
consumption 
category 

Abbreviation Original 
CoZMoMAN 

parameterization 
(g ww/day in 2000) 

In this article 
(g ww/day in 

2000) 

Average 
Higher 1 
Higher 2 
Higher 3 

FCavr 

FC1 
FC2 
FC3 

92 124 
156 
202 
248 
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Supplemental Material, Table S3: Number of subjects in each quartile of the variables age and 

birth year. 

Age quartiles Birth year quartiles 
Sampling 29-47 47-57 57-66 66-82 1925- 1934- 1936- 1941-
year 1934 1936 1941 1950 

1979 42 9 0 0 14 12 14 11 
1986 17 29 5 0 15 12 14 10 
1994 5 18 19 3 12 10 13 10 
2001 0 7 29 12 12 13 13 10 
2007 0 1 13 38 15 13 13 11 

5 



 
 

  

  

 
     

     
      

   
   

  
 
   

   
   

  

                       
                       

                       

                     

                     

                     

                     

                      

                     

                     

                       

                      

                       

                     

                     

                     

                       

                        

                            

                        

                      

                        

                      

                        

                      

                      

                          

                        

Supplemental Material, Table S4: Concentrations (ng/g lipid) of 41 compoundsa analyzed in serum samples of men (N = 51, 51, 45, 48 and 52 in 

1979, 1986, 1994, 2001 and 2007, respectively) in the Tromsø study. 

1979 N=51 1986 N=51 1994 N=45 2001 N=48 2007 N=52 

Compound Median (Range) AM % > 
LODb LODc Median (Range) AM % > 

LODb LODc Median 
(Range) AM % > 

LODb 
LOD 

c 
Median 
(Range) AM % > 

LODb LODc Median 
(Range) AM % > 

LODb LODc 

α-HCH 3.7 (0.6-23) 4.3 100 0.4 1.8 (0.8-13) 2.2 100 0.5 - (0.1-0.8) 0.4 38 0.4 0.4 (0.1-1.2) 0.6 48 0.6 - - 8 0.6 

β-HCHd 67 (13-190) 72 100 8.4 34 (3.9-100) 40 96 8.5 13 (1.1-50) 14 79 7.8 13 (0-48) 14 67 9.5 - (1.4-25) 8.8 30 9.4 

γ-HCH 2.2 (0.7-16) 3 79 1.7 - (0.7-4.8) 1.7 38 1.7 - - 10 1.6 - - 4 1.9 - - 0 1.9 

HCB 170 (34-420) 180 100 3.2 130 (71-410) 150 100 3.2 53 (31-130) 61 100 2.9 62 (20-130) 64 100 3.6 40 (15-85) 43 100 3.6 

t-chlordane 0.4 (0.2-1.9) 0.5 53 0.5 0.6 (0.2-2.3) 0.7 63 0.5 0.3 (0.2-1) 0.5 46 0.5 0.3 (0.2-1.2) 0.5 38 0.6 - - 17 0.6 

c-chlordane - - 15 2.3 - - 10 2.3 - - 2 2.1 - - 0 2.6 - - 0 2.6 
oxy-
chlordanee 25 (6.5-56) 25 98 2 27 (11-100) 35 100 2 18 (9.1-49) 21 98 1.8 21 (5.9-63) 24 100 2.2 18 (4.2-53) 20 100 2.2 

t-nonachlor 47 (5.4-150) 51 100 0.8 67 (23-230) 80 100 0.8 45 (19-130) 53 100 0.7 45 (14-170) 60 100 0.9 45 (9.5-140) 50 100 0.9 

c-nonachlor 12 (1.1-36) 12 100 1.5 14 (5.4-55) 19 100 1.5 11 (4.5-33) 13 98 1.4 13 (3.7-40) 15 100 1.7 11 (3-35) 13 100 1.7 

Mirex 6.6 (1.5-17) 7.5 98 1.7 8.9 (3.7-33) 11 100 1.6 7.3 (2.5-22) 9.2 100 1.6 8.7 (3.5-25) 9.8 100 1.6 7.5 (2.8-21) 8.6 100 1.6 

Parlar No. 26 18 (2.7-77) 21 96 0.6 18 (5.4-87) 27 100 0.6 9.4 (3.2-33) 12 98 0.5 9.2 (1.5-31) 12 100 0.7 7.6 (1.9-21) 8.6 100 0.7 

Parlar No. 50 34 (5.3-130) 39 96 1.7 35 (8.2-160) 52 98 1.7 21 (9.5-61) 27 98 1.6 23 (4.6-65) 28 100 2 18 (3.9-50) 20 98 1.8 

p,p'-DDD 16 (2.5-73) 21 91 6 9.4 (2.9-67) 13 79 5.6 - (1.1-14) 4.7 23 5.2 - - 6 6.3 - - 6 6.3 

o,p'-DDT 48 (1.1-87) 4 85 4 51 (1.1-45) 11 79 2.4 45 (0.3-6.5) 34 23 2.3 - - 13 2.8 - - 8 2.4 

p,p'-DDT 89 (21-440) 110 98 4.7 41 (17-160) 51 100 3.2 12 (4.5-33) 13 98 3 7.7 (1.5-27) 8.5 81 3.7 3.8 (0.2-25) 5.3 60 3.3 

p,p'-DDE 1100 (230-
3400) 1200 100 4.1 800 (250-

4500) 920 100 4.2 350 (100-
1400) 

39 
0 100 3.7 320 (60-980) 32 

0 100 4.8 210 (29-
770) 

21 
0 100 4.6 

o,p'-DDE 1 (0.3-5.6) 1.6 53 1.6 - (0.1-5.5) 1 38 1.2 - - 8 1.1 - - 0 1.4 - - 2 1.2 

PCB 18 5.4 (1.2-84) 8 85 2.6 - - 10 2.7 - - 0 2.4 - (0.5-6.1) 2.8 31 3 2.6 (0.5-9.1) 3.1 51 3 

PCB 28 5.5 (1.3-43) 6.7 92 2.7 2.9 (1.1-72) 5.2 56 2.9 - (0.7-4.9) 2.3 15 2.6 - (1.2-11) 2.6 21 3.2 - (1.3-6.1) 2.7 26 3.1 

PCB 33 0.8 (0.2-30) 2 58 1 - - 17 0.8 - - 2 0.8 - - 19 0.9 - (0.1-2.3) 0.7 28 1 

PCB 47/49 1.4 (0.5-8.4) 1.6 89 1.1 1 (0.3-73) 2.4 71 1.3 0.4 (0.2-1.4) 0.5 40 0.7 0.9 (0.2-4) 1.2 73 0.7 0.7 (0.2-2.8) 0.8 74 0.9 

PCB 52 3.8 (0.9-30) 5.8 58 4.2 - (1.3-73) 5.9 42 4.6 - - 10 3.8 - - 15 4.7 - - 19 4.5 

PCB 99 38 (12-110) 45 100 0.9 38 (16-130) 46 100 0.9 20 (10-52) 25 100 0.7 19 (7-44) 22 100 1.1 13 (4-34) 15 100 0.9 

PCB 101 6.1 (1.1-19) 7.5 94 3.4 5.1 (2-74) 8 81 3.3 2.1 (1.5-10) 3.3 50 3.1 2.3 (1.8-7) 3.1 46 3.5 - (1.2-7.7) 2.7 25 3.7 

PCB 105 16 (4.4-55) 20 98 1.8 15 (5-79) 21 100 1.4 9.1 (2.5-27) 11 98 1 8.2 (1.4-25) 9.5 98 1.4 6 (1.3-17) 6.7 100 1.3 

PCB 118 70 (19-230) 83 100 3.4 66 (20-330) 88 100 2.9 42 (14-120) 49 100 2.9 39 (7.9-130) 44 100 3.2 28 (6.1-82) 32 100 3.2 

PCB 123 1.7 (0.1-7.1) 1.9 66 1.8 1.5 (0.1-3.6) 2.1 69 1.4 1 (0.1-3.6) 1.3 63 1 - (0-3.6) 1.2 44 1.4 - (0-2.9) 0.8 28 1.3 

PCB 128 2.8 (0.2-11) 3.1 77 1.7 2.5 (0.3-14) 3.3 81 1.5 1.5 (0.3-5.6) 1.8 65 1.2 - (0.2-4.1) 1.3 33 1.6 - - 11 1.4 
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1979 N=51 1986 N=51 1994 N=45 2001 N=48 2007 N=52 

Compound Median (Range) AM % > 
LODb LODc Median (Range) AM % > 

LODb LODc Median 
(Range) AM % > 

LODb 
LOD 

c 
Median 
(Range) AM % > 

LODb LODc Median 
(Range) AM % > 

LODb LODc 

PCB 138/163 270 (110-670) 310 100 3.5 280 (130-770) 350 100 3.3 180 (120-
490) 

21 
0 100 3.1 170 (77-450) 19 

0 100 3.8 120 (45-
310) 

14 
0 100 4 

PCB 141 - - 40 2.1 - - 23 1.8 - - 15 1.6 - - 10 1.9 - - 2 2.5 

PCB 149 2.6 (0.5-8.7) 3.2 85 1.9 2.2 (0.3-11) 3 71 1.7 0.7 (0.1-4.8) 1.3 44 1.4 - (0.1-3.1) 1.4 42 1.8 - - 11 2.3 

PCB 153 360 (130-910) 380 100 4.6 360 (180-
1100) 450 100 4.6 250 (160-

700) 
29 
0 100 4.5 240 (120-

740) 
26 
0 100 5.3 170 (67-

470) 
20 
0 100 5.2 

PCB 156 33 (12-78) 35 100 1.2 35 (17-92) 42 100 1 23 (14-61) 27 100 0.9 24 (10-69) 26 100 1.1 19 (8-52) 21 100 1 

PCB 157 6.1 (1.9-14) 6.6 98 1.1 6.9 (2.8-19) 8.2 100 0.9 4.9 (1.4-12) 5.5 96 0.8 4.9 (1.7-15) 5.6 100 1 3.8 (1.3-9.5) 4.3 100 0.9 

PCB 167 11 (3.3-32) 13 100 1.1 11 (4-44) 14 100 1 7.4 (2.5-23) 8.9 100 0.8 7.1 (1.3-23) 7.9 100 1 5.7 (1-17) 6.1 100 0.9 

PCB 170 82 (32-180) 87 100 1.5 89 (47-250) 110 100 1.4 63 (38-160) 72 100 1.2 59 (31-160) 66 100 1.6 48 (26-130) 53 100 1.4 

PCB 180 210 (82-540) 230 100 4.1 230 (130-740) 290 100 3.9 170 (110-
460) 

20 
0 100 3.9 160 (87-470) 19 

0 100 4.6 130 (66-
370) 

15 
0 100 4.6 

PCB 183 21 (9.5-49) 23 100 1.1 19 (7.5-66) 25 100 1 13 (7-37) 15 100 0.9 10 (3.9-32) 12 100 1.1 7.5 (1.9-23) 8.5 100 1.1 

PCB 187 64 (22-140) 67 100 1.3 66 (31-230) 81 100 1.2 48 (29-120) 54 100 1 43 (24-110) 49 100 1.3 35 (15-88) 39 100 1.2 

PCB 189 3.7 (1.2-8.1) 4 98 1.2 4 (1.9-13) 5 100 1.1 3.2 (1.4-8.2) 3.6 94 0.9 3.3 (1.3-9) 3.5 100 1.2 2.5 (0.8-7) 2.7 92 1.2 

PCB 194 24 (9.1-79) 27 100 1.4 28 (15-130) 34 100 1.3 22 (14-78) 26 100 1.1 20 (11-55) 24 100 1.5 18 (8.7-50) 20 100 1.3 
aFor compound abbreviations, see Table S1. Censored summary statistics are presented for compounds with detection frequencies less than 90%: α-, β-, γ-HCH, t-


chlordane, PCB congeners 18, 28, 33, 47/49, 52, 101, 123, 128, 149, p,p'-DDD, o,p'-DDT and o,p'-DDE.
 
b% > LOD = Percentage of sample in which analyte was detected.
 
cLOD = Limit of detection (average of sample-specific LODs).
 
dPresented concentrations reflect the subtraction of average blank values of 107 pg before calculating wet-weight concentrations.
 
ePresented concentrations reflect the subtraction of average blank values of 43 pg before calculating wet-weight concentration.
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Supplemental Material, Figure S1: Model predictions of concentrations (ng/g lipid) of PCBs 

118, 138, 153, and 180 in a male 1935 birth cohort shown along with median measured 

concentrations in 1979, 1986, 1994, 2001 and 2007. Separate predictions for average Norwegian 

fish consumption (FCavr) and three categories of higher fish intake rates are presented (FC1-FC3). 

 
 



 
 

 
 

 

 

  

  

  

 

 
 

 

Model predictions

 Equal fish consumption in birth cohorts
&

0
10

0
20

0
30

0
40

0

P
C

B
-1

53
 n

g/
g 

lip
id

 

0 
10

0 
20

0 
30

0 
40

0 

Birth year 
1930 
1935 
1940 
1945 

1979 1986 1994 2001 2007
.

Sampling year 

Supplemental Material, Figure S2: Model predictions of concentrations (ng/g lipid) of PCB-

153 are displayed for the 1930, 1935, 1940 and 1945 male birth cohorts. All cohorts are assumed 


to have equal fish consumption (FC2). 
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Supplemental Material, Figure S3: Remaining plots of graphical APC examination in PCB-153 concentrations. This figure complements Figure 4 

in the main text. A and D depict time-lag variation among age groups according to sampling period, B and E time-lag variation among age groups 

according to birth cohort group, and C and F cross-sectional variation among sampling periods according to birth cohort group. 
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